The tadpole B-cell repertoire is less diverse than that of the adult frog; their antibodies are of lower affinity and are less heterogenous. In order to determine whether this difference is due to a lack of or a reduced rate of somatic hypermutation, we analyzed and compared cDNA sequences utilizing VH1 elements with germline counterparts in isogenic LG7 tadpoles during an immune response. Indeed, tadpole VH1 sequences contained somatic mutations. There were zeo to 5 mutations per sequence, all single base-point mutations, with the high ratio of GC to AT base-pair alterations similar to that observed in adult frogs.
INTRODUCTION
The African clawed frog, Xenopus, provides an attractive model for studying the ontogeny of the immune system and much is known about the changes that occur at metamorphosis (reviewed by Flajnik et al., 1987) . Xenopus larval antibody responses are not influenced maternally and are clearly distinct from adult antibody responses. The tadpole B-cell repertoire is less diverse than that of the adult frog, which is considered more limited than that of mammals (Du Pasquier et al., 1989) . Tadpole antibodies are of lower affinity than adult antibodies specific for the same antigen and their isoelectric focusing patterns of antigen-specific antibodies are less heterogeneous (Du Pasquier et al., 1979; Du Pasquier, 1984a, 1984b (Hsu and Du Pasquier, 1992) .
Xenopus immunoglobulin genes are organized and rearranged in a way similar to that of mammals (Schwager et al., 1988a) with multiple V H, multiple D (>-16), multiple J (8) (9) , and a single constant region gene. Eleven V H families (Haire et al., 1990) *Corresponding author. with ca. 2 to 32 members per family (Wilson et al., 1992b) offer a large diversity of viable region genes.
In Xenopus, as in mammals (Tonegawa, 1983) , CDR3s are the most diverse. Nucleotides may be deleted from and/or added to VHD and DJH joints during rearrangement (Tonegawa, 1983; Lafaille et al., 1989) . However, like in fetal and newborn mice (Feeney, 1990; Gu et al., 1990) , Xenopus tadpoles lack N diversification, which might partially explain the low heterogeneity of tadpole antibodies (Schwager et al., 1991) . More recently, tadpole CDR3 were also found to be much shorter than adult CDR3 (Lee et al., 1993) ; although the differences in CDR3s might account for the observed lower heterogeneity of tadpole antibodies, they do not necessarily explain the lower affinity. Although we originally proposed that somatic mutation might play a reduced role in Xenopus antibody responses and thus limit the affinity maturation of Xenopus antibodies (Du Pasquier, 1982) , our recent results suggest that this is not the case, at least in adult (Wilson et al., 1992a) . The rate of somatic mutation in Xenopus adult is well within the range reported in mice (McKean et al., 1984; Wabl et al., 1985; Kocks and Rajewsky, 1989) (Hsu and Du Pasquier, 1984a) . It is therefore possible that the difference between adults and larvae could be due to the absence of somatic mutation in tadpoles. To investigate this point, we analyzed cDNA sequences from immunized LG7 tadpoles.
LG7 is an isogenic line derived from an X. laevis/X, gilli hybrid (Kobel and Du Pasquier, 1975) , which is homozygous at the immunoglobulin (Ig) heavy (H) chain locus (Wilson et al., 1992b Ct) and VH1, VH5 probes (kindly provided by our collegue J. Schwager) . The probes were labeled by random priming (Feinberg and Vogelstein, 1983) and hybridization conditions were as described by Wilson et al. (1986) . Positive clones were plaque purified and subcloned into Bluescript according to the manufacturer's (Strategene) recommended protocol.
Sequencing and Computer Analysis
The double-stranded recombinant plasmid cDNAs were sequenced on both strands by primer extension with the dideoxnucleotide triphosphate chaintermination-reaction method (Sanger et al., 1977 (Wilson et al., 1992b) . The other 4 g cDNAs were too short to be assigned; their sequences began in either CDR2 or FR3. In fact, many of the positive/a and t) cDNAs represented short transcripts (for example, only 21 of 73 u positive cDNAs screened positive with a J consensus oligo).
All of the u cDNAs had identifiable VH1 germline gene counterparts. One of them (LG7t3) was unmutated and corresponded to the germline gene
LG7G341.
Five (4 and 1 ) out of the 7 analyzable VH1 cDNAs form a related group, and they are shown in Fig. 1 . cDNAs ut8 and ut4 are clearly derived from the GL7g21 genomic sequence. These 2 cDNAs are identical and presumably form a clone (clone 1), because both have identical VHD and DJH joints. As in our previous studies, we assume that if 2 similar genes (similar CDRs 1 and 2, similar FRs) have identical leader sequences, they are likely to be derived from the same germline V H (Wilson et al., 1992a) . Both ut8 and ut4 have a point mutation in their leader sequence; CTA becomes TTA. However, because of their close identity throughout the coding region to LG7g21 (only 2 point mutations), we match them with LG7g21. cDNAs tt14, tt12, and ut6 appear to be derived from a germline VH1 related to LG7g21. These 3 cDNAs all rearrange to different DJHS; Fig. 1 shows the differences that they share as compared to LG7g21. In this group, 8 nucleotide differences are scattered throughout the
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LG7t6 (Lafaille et al., 1989) . Because the complete sequences through the recombination signal sequences (RSS) are known for the majority of the LG7 VH1S and for the JH S, P nucleotides can be recognized. For example, no nucleotides are deleted from the 3' end of the cDNAs corresponding to VHg21, VHg346B, and VHg341 nor are there any nucleotides deleted from the 5' end of JH 4 in t3. Thus, the C at the VHD junctions of clone 1, complementing the G of VHg21, can be a P nucleotide. Likewise, the C at the VHD joint and the A at the DJH joint of t3 can be attributed to P. Because of the lack of germline D sequences, the presence of N diversity is more difficult to detect; however, based on the core identity of D5, N nucleotides may be present at the VHD junctions of ttl4. (Fig. 4) . 
Comparison with Adults
VHg21 was one of the most widely used VH1 members in the adult anti-DNP response studied earlier (Wilson et al., 1992a (Wilson et al., 1992b Schwager et al., 1991; Wilson et al., 1992a) Du Pasquier, 1984a, 1984b (Schwager et al., 1991) (Herzenberg and Herzenberg, 1989) .
